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a  b  s t r a  c t
Although  connexin36  (Cx36)  has  been studied  in several  tissues, it is notable that  no data  are  available
on Cx36 expression  in the  carotid body  and  the  intestine. The  present study  was undertaken  to evaluate
using immunohistochemistry,  PCR and Western blotting procedures,  whether  Cx36  was expressed in the
mouse carotid  body and  in the  intestine at  ileum  and  colon level.  In  the  carotid  body, Cx36  was  detected
as  diffuse punctate  immunostaining  and  as  protein by  Western  blotting and  mRNA  by  RT-PCR. Cx36
punctate  immunostaining  was also evident  in the  intestine  with  localization  restricted  to  the  myenteric
plexus  of both  the ileum and the  colon,  and  this detection was  also  confirmed by  Western blotting and
RT-PCR. All  the  data  obtained  were  validated using  Cx36  knockout mice. Taken  together the  present data
on localization  of Cx36  gap-junctions  in two  tissues  of neural  crest-derived  neuroendocrine  organs may
provide an  anatomical basis  for future  functional  investigations.
© 2012 Elsevier GmbH. All rights reserved.
Introduction
Gap junctions are specialized cell-to-cell contacts allow-
ing direct intercellular communication through so-called gap-
junctional channels (Kumar and Gilula, 1996) that consist of two
hemi-channels (connexons), each composed of six connexin (Cxs)
proteins. Generally, gap junction channels allow the passive diffu-
sion of small molecules, metabolites, second messengers, cations
or anions, facilitating electrical and metabolic communication
between coupled cells (Willecke et al., 2002). At  present, 20 dif-
ferent connexin genes have been described in  the mouse and 21 in
the human genome (Sohl et al., 2004). Among these Cxs, Cx36 is
considered the main Cx expressed in neuronal cells of the central
nervous system (Condorelli et al., 1998, 2003; Sohl et al., 1998;
Belluardo et al., 2000; Rash et al., 2005), but it is notable that,
with the exclusion of Cx36 found expressed in the mouse and
rat adrenal medulla (Martin et al., 2001; Degen et al., 2004), no
Abbreviations: Cxs, connexins; DTT, dithiothreitol; PBS, phosphate buffered
saline; GFAP, glial fibrillary acidic protein; PCR, polymerase chain reaction; RT-PCR,
reverse transcription PCR; TH, thyroxin hydroxylase.
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data are available on Cx36 expression in  other neural crest-derived
neuroendocrine organs, such as the carotid body and the enteric
nervous system (Le Douarin, 1986; Pearse et al., 1973).
The carotid body, a  chemoreceptor regulating ventilation
(Milsom and Burleson, 2007), is situated at the carotid bifurcation
and is composed of two  main cell types: type I or glomus cells,
which are secretory granule-containing cells similar to  adrenal
chromaffin cells, and type II or sustentacular cells, which are  sup-
porting glial-like cells (Kondo et al., 1982; Pallot, 1987). The glomus
cells of the rat carotid body are gap-junction coupled as demon-
strated by ultrastructural analysis (Kondo and Iwasa, 1996) and
by electrophysiological studies with dye- and electrotonic cou-
pling (Monti-Bloch and Eyzaguirre, 1980; Monti-Bloch et al., 1993;
Abudara and Eyzaguirre, 1994; Eyzaguirre and Abudara, 1996,
1999). With regard to the molecular evidence of Cxs in the carotid
body, only Cx43 has been identified in  the carotid body glomus cells
(Abudara et al., 1999, 2000; Kondo, 2002), and no  data are available
on Cx36 expression.
In  the intestine, previous investigations reported sparse Cx45
immunoreactivity in the deep muscular and submuscular plexuses
in the dog (Nakamura et al., 1998; Wang and Daniel, 2001) and
rat (Nakamura et al., 1998; Seki and Komuro, 2001), and Cx43 in
the dog and rat (Seki and Komuro, 2001; Wang and Daniel, 2001).
By contrast no data are available for Cx36 expression in the intes-
tine, although it is  known for a  long time that the myenteric plexus
can mediate neural activity in  the gastrointestinal musculature
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through interneuronal communication by gap junctions (Sanders,
1996; Daniel and Wang, 1999; Komuro, 1999).
The present study was undertaken to  evaluate, using immuno-
histochemistry, RT-PCR and Western blotting procedures, whether
Cx36 was expressed in  the mouse carotid body and intestine at
ileum and colon level. The results obtained were validated by anal-
ysis of  knockout mice lacking the Cx36 gene.
Materials and methods
The present study was performed in adult male C57BL
mice and in ubiquitously Cx36 deficient mice Cx36del(CFP)/del(CFP)
(Wellershaus et al., 2008) housed under alternating 12 h periods
of light and darkness in a  temperature (24 ± 2 ◦C)  and humidity-
controlled room. The experiments were carried out in accordance
with the National Institutes of Health Guide for the Care and Use
of Laboratory Animals and were approved by  the local ethical com-
mittee.
Immunohistochemistry
The mice were sacrificed by an excess of chloral hydrate anes-
thesia, and the abdomen was immediately opened to dissect the
distal colon and distal ileum (5 cm proximal to the cecum). The
carotid body was dissected using a  stereomicroscope (MS5, Leica
Microsystems, Wetzlar, Germany). All  dissected tissues were cov-
ered with OCT (Sakura TissueTek, Torrance, CA, USA) and frozen in
isopentane precooled in  liquid nitrogen, and stored at −80 ◦C until
use.
Cryostat sections of 10 mm thickness of the carotid body and
intestine (colon and ileum) were thawed onto gelatin coated slides,
fixed in absolute ethanol for 5 min  at −20 ◦C, air-dried for 60 min,
rinsed with PBS and, after preincubation in blocking solution (0.5%
BSA, triton 0.1% in  PBS) for 30 min  incubated overnight at 4 ◦C
with goat polyclonal anti-Cx36 (SC-14904, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) affinity purified antibodies raised against
an epitope mapping at the C-terminus of Cx36 of human origin,
diluted 1:500 in blocking solution. After two washing steps with
PBS for 5 min, the sections were incubated at RT for 1 h with specific
Cy2-coniugated secondary antibodies, diluted 1:2000 (711-225-
152; Jackson Immuno Research, West Grove, PA, USA). Following
two washing steps with PBS, the sections were counterstained by
incubation for 10  min  in 0.5 mg/ml of the fluorescent nuclear dye
Hoechst-33258 (bisbenzimide, Sigma–Aldrich, Seelze, Germany).
Following a  short washing with PBS, sections were coverslipped
in a  glycerol-based medium and slides were examined under a
fluorescence microscope (DMRBE, Leica Microsystems, Wetzlar,
Germany). Carotid body, colon and ileum tissue from Cx36 knock-
out mice were used as internal negative controls, whereas brain
sections at inferior olive level, where Cx36 is  expressed at very high
levels, were used as internal positive controls.
RT-PCR analysis
Mouse tissues (carotid body, colon, ileum, olfactory bulbs) were
homogenized each in 1 ml of QIAzol Lysis Reagent (Cat. No. 79306,
Qiagen, Hilden, Germany) with a plastic pestle. The samples were
passed through a  27 G needle until no more visible clumps were
observed. Total RNA was isolated from the samples using the Qia-
gen RNeasy mini kit  (Cat. No. 74104, Qiagen, Hilden, Germany).
Two  micrograms of RNA were reverse transcribed with a mixture
containing: 5× first strand buffer (Cat. No. 18080-044, Invitro-
gen, Carlsbad, CA, USA), random hexamers 0.4 mM (N1034731001,
Roche Applied Science, Penzberg, Germany), dithiothreitol (DTT)
100 mM (Cat. No. 18080-044, Invitrogen), dNTPs 0.5 mM (20-3011,
Peqlab Biotechnologie, Erlangen, Germany), 40 U of RNAse inhibitor
(03335402001, Roche), 200 U of Superscript III Reverse Transcrip-
tase (Cat. No. 18080-044, Invitrogen). Reaction mixtures (20 ml)
were incubated for 2 h at 50 ◦C and then for 15 min  at 70 ◦C.
Aliquots of the transcribed cDNA (1/20 of tissue reaction mix)
were amplified using the following combination of Cx36 specific
primers: upstream primer: 5′-TACTGCCCAGTCTTTGTCTGCTGC-3′,
downstream primer: 5′-CACACCATTATGATCTGGAAGACC-3′.  Reac-
tion mixtures (25 ml) contained: 5× GoTaq® Flexi Green Buffer,
MgCl2 1 mM,  dNTPs 5 mM,  1.2  mM  of each primer and 2 U  GoTaq
®
Flexi DNA-polymerase (M8301, Promega, Madison, WI,  USA).
Reverse transcriptase-PCR (RT-PCR) was carried out using a  PTC-
200 Peltier Thermal Gradient Cycler (Bio-Rad, Hercules, CA, USA)
with the following program: first denaturation step at 94 ◦C for
3 min, then a cyclic denaturation at 94 ◦C for 30 s,  annealing at
64.5 ◦C for 30 s,  elongation at 72 ◦C for 1 min  repeated for 25  cycles
and a  cyclic denaturation at 94 ◦C for 30 s, annealing at 55 ◦C for 30 s,
elongation at 72 ◦C for 1 min  repeated for 25 cycles and a  final elon-
gation for 10 min. After gel electrophoresis, the samples were run
on a  2% agarose gel and the separated DNA fragments of 298 bp were
visualized using a  gel documentation system (Syngene, Cambridge,
UK).
Western blotting
Tissues (carotid body, colon, ileum, olfactory bulbs) were
rapidly dissected under a stereomicroscope, frozen and processed
for Western blotting. In order to  increase the probability of
Cx36 detection in the intestine the muscular tissue was  dis-
sected from the mucosa and 100 mg of proteins was loaded
per lane. The tissue was homogenized in  cold buffer containing
12.5 mM Tris–HCl pH 7.4 and SDS 10% in the presence of  pro-
tease inhibitors (P8340, Sigma–Aldrich, St. Louis, MO,  USA). The
homogenate was  left at RT for 30 min and then centrifuged at
Fig. 1.  Microphotographs from tissue sections of mouse carotid body processed for Cx36 by  immunohistochemical analysis with specific antibodies. Note that Cx36 is
detected as punctate immunostaining (arrow) in the carotid body of wild type (wt) mouse (A) but not in the Cx36del(CFP)/del(CFP) knockout mouse (ko) in (B). In (C) brain section
showing, as positive control, Cx36 punctate immunostaining (arrow) at  inferior olive nuclei level of wild type mouse. Asterisk indicates the sampled area. Cell nuclei (blue)
were  stained with fluorescent nuclear dye Hoechst-33258. Scale bar = 50 mm.
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13,000 rpm for 30  min  at 4 ◦C. The supernatants were stored at
−20 ◦C and aliquots were taken for protein determination by the
method of Lowry et al. (1951).  The samples (50 mg per lane) and
molecular weight markers (Precision Plus Protein Standards, 161-
0375, Bio-Rad) were run on an 8% polyacrylamide gel at 100 V
and electrophoretically transferred onto nitrocellulose membranes
(RPN303E, Hybond-C-extra, GE Healthcare Europe, Milan Italy).
Following 1  h  of incubation with 5% non-fat milk, the membranes
were incubated overnight at 4 ◦C with goat anti-Cx36 used at
a dilution of  1:1000. After washing, the membranes were incu-
bated for 1 h  at room temperature respectively with anti-goat
IgG horseradish peroxidase-conjugated diluted 1:5000 (Sc 2768,
Santa Cruz Biotechnology, Heidelberg, Germany) and anti-rabbit
IgG horseradish peroxidase-conjugated diluted 1:5000 (Sc 2054,
Santa Cruz). Immuno-complexes were visualized with chemi-
luminescence reagent (RPN2108, GE Healthcare Europe, Milan,
Italy) according to the manufacturer’s instructions. The ECL-films
were developed using Kodak developer and fixer (Eastman-Kodak,
Rochester, NY, USA).
Results
Cx36 detection in the carotid body
The specificity of the Cx36 antibody used was tested in brain
sections at the level of the inferior olive (Fig. 1C), where Cx36
is expressed at very high levels according to  our  previous work
(Belluardo et al.,  2000). Immunohistochemically, the Cx36 was
detected in the mouse carotid body and showed diffuse punctate
immunostaining (Fig. 1A). The immunohistochemical detection of
Cx36 was confirmed by Western blotting analysis (Fig. 2A) and
by RT-PCR analysis (Fig. 2B). The specificity of Cx36 in  the mouse
glomus was further validated by the absence of Cx36 detection,
by immunostaining (Fig. 1B) and RT-PCR (Fig. 2B) in the glomus of
CX36del(CFP)/del(CFP) knockout mice.
Fig. 2. Western blotting (A) and RT-PCR (B) analysis of Cx36 levels in mouse carotid
body, colon and ileum. Olfactory bulbs were used as internal positive control. For
Western blots of carotid body, ileum and colon 100 mg of proteins was  loaded,
whereas for olfactory bulbs 50 mg of proteins was used. For details see the respective
results section. wt, wild type mice; ko, Cx36del(CFP)/del(CFP) knockout mice.
Cx36 detection in the intestine
We restricted this investigation to colon and ileum regions of
the intestine. The immunohistochemistry analysis showed both in
the colon and ileum punctate Cx36 immunostaining localized in
the mouse myenteric plexus (Fig. 3A and C). Using Western blot-
ting and RT-PCR analysis we could confirm the presence of  Cx36
both at the level of protein and mRNA (Fig. 2A and B). The speci-
ficity of immunohistochemical detection and expression of Cx36
was  validated by the disappearance of immunostaining (Fig. 3B and
D) and mRNA (Fig. 2B) detection of Cx36 in  the myenteric plexus of
CX36del(CFP)/del(CFP) knockout mice.
Fig. 3. Micrographs from tissue sections of mouse colon and ileum processed for Cx36 immunohistochemical analysis with specific antibodies. Note Cx36 punctate immunos-
taining (arrow) in the myenteric plexus (sampled area) of wild type (wt) mouse colon and ileum (A  and B), whereas in the same condition no  Cx36 was  detected in the
myenteric plexus (sampled area) of colon and ileum of Cx36del(CFP)/del(CFP) knockout mouse (ko) in  (C and D).  Asterisk indicates the sampled area. Cell nuclei (blue) were
stained with fluorescent nuclear dye Hoechst-33258. Scale bar =  50 mm.
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Discussion
The present study has demonstrated for the first time the
presence of Cx36 in the myenteric plexus and carotid body. The
specificity of  Cx36 detection and expression was also corroborated
by the disappearance of the Cx36 signal in  the Cx36del(CFP)/del(CFP)
knockout mice. Additionally, it is  notable that, together with pre-
vious data on the adrenal medulla (Martin et al., 2001; Degen
et al., 2004), the present study revealed that Cx36 is present in
three organs with homologous cytological features (Martin et al.,
2001). In fact, the sympatho-adrenal system lineage gives rise to the
enteric nervous system, the autonomic ganglia, and several associ-
ated paraneural organs such as the carotid body and medulla of the
adrenal gland (Le Douarin, 1986).
Carotid body
The carotid body parenchyma is organized in  clusters
(glomeruli) of glomus cells or type I cells similar to  sympathetic
neurons that are electrically excitable and contain dense-core vesi-
cles with neurotransmitters secreted in  response to  membrane
depolarization. Glomus cell clusters are enveloped by  processes of
glia-like, sustentacular type II cells, which are non-excitable and
still lacking a  structural role.
In the present study, although the expression and detection of
Cx36 in the carotid body was clearly shown, we did not identify
the cell type expressing the Cx36. However, despite our efforts,
this failure may  probably have been because tissue fixation for cells
markers was incompatible with that of CX36 immunostaining. Pre-
viously, a variety of electrophysiological techniques have evaluated
electrical coupling in the carotid body and have found that coupling
is common among dopaminergic neurons or type I cells (Monti-
Bloch et  al.,  1993; Abudara and Eyzaguirre, 1994, 1998). It  has been
suggested that coupling and uncoupling may  be integral processes
in the secretion of transmitters by the glomus cells (Eyzaguirre and
Abudara, 1995, 1999)  or intercellular coupling between glomus
cells and carotid nerve terminals (Eyzaguirre, 2000). This cou-
pling between neuronal cells of the carotid body potentially could
depend on the presence of Cx36, which among the known Cxs is
currently considered the main neuronal connexin (Condorelli et al.,
1998, 2000, 2003; Sohl et al., 1998; Belluardo et al., 1999, 2000;
Rash et al.,  2000; Serre-Beinier et al., 2000; Trovato-Salinaro et al.,
2009). Overall, the present data show for the first time the expres-
sion of Cx36 in glomus cells and open new possibilities for future
functional studies on carotid body-cell coupling.
Myenteric plexus
The analysis of Cx36 in  the mouse colon and ileum reveals
for the first time Cx36 punctate immunostaining restricted to the
myenteric plexus. It  is  known that the Cajal interstitial cells of the
myenteric plexus are  considered to  serve as pacemakers of the gas-
trointestinal muscle by  initiating slow waves in both muscle layers
and that the myenteric plexus can mediate neural activity in the
gastrointestinal musculature through intercellular communication
by gap junctions (Sanders, 1996; Daniel and Wang, 1999; Komuro,
1999; Daniel, 2004). This immunolocalization of Cx36 is  in  agree-
ment with the current hypothesis that the presence of very few
small gap junctions in  the myenteric plexus transmits enough cur-
rents and drive slow waves throughout the longitudinal or circular
muscular layers (Daniel and Wang, 1999). This observation of Cx36
located in the myenteric plexus opens the opportunity for func-
tional studies to determine how critical Cx36 gap junctions are  in
the electrical coupling between neuronal cells and/or neuronal cells
and smooth muscle cells.
Overall, the present data revealed Cx36 gap-junctions in two
tissues of the neural crest-derived neuroendocrine organs and we
believe may  provide a  basis for future functional investigations.
Acknowledgements
Supported by Fondi di Ateneo at University of Palermo. MF and
VDL were supported by Ateneo di Palermo. MT  was supported by
DFG (SFB/TR3, N01 and C9, SPP 1172 TH 1350/1-1), and EC (FP-
202167 NeuroGLIA).
References
Abudara V, Eyzaguirre C. Electrical coupling between cultured glo-
mus cells of the rat carotid body: observations with current and
voltage clamping. Brain Res 1994;664:257–65.
Abudara V, Eyzaguirre C. Modulation of junctional conductance
between rat carotid body glomus cells by hypoxia, cAMP and
acidity. Brain Res 1998;792:114–25.
Abudara V, Eyzaguirre C, Saez JC. Short- and long-term regula-
tion of rat carotid body gap junctions by cAMP. Identification
of connexin43, a  gap junction subunit. Adv Exp Med  Biol
2000;475:359–69.
Abudara V, Garces G, Saez JC. Cells of the carotid body
express connexin43 which is  up-regulated by cAMP. Brain Res
1999;849:25–33.
Belluardo N,  Mudo G, Trovato-Salinaro A, Le GS, Charollais A, Serre-
Beinier V, et al. Expression of connexin36 in the adult and
developing rat brain. Brain Res 2000;865:121–38.
Belluardo N,  Trovato-Salinaro A, Mudo G,  Hurd YL, Condorelli DF.
Structure, chromosomal localization, and brain expression of
human Cx36 gene. J Neurosci Res 1999;57:740–52.
Condorelli DF, Belluardo N, Trovato-Salinaro A, Mudo G. Expres-
sion of Cx36 in mammalian neurons. Brain Res Brain Res Rev
2000;32:72–85.
Condorelli DF, Parenti R, Spinella F,  Trovato SA, Belluardo N,
Cardile V, et al. Cloning of a  new gap junction gene (Cx36)
highly expressed in  mammalian brain neurons. Eur J Neurosci
1998;10:1202–8.
Condorelli DF, Trovato-Salinaro A, Mudo G, Mirone MB,  Belluardo
N.  Cellular expression of connexins in  the rat brain: neuronal
localization, effects of kainate-induced seizures and expression
in apoptotic neuronal cells. Eur J Neurosci 2003;18:1807–27.
Daniel EE. Communication between interstitial cells of Cajal
and gastrointestinal muscle. Neurogastroenterol Motil
2004;16(Suppl. 1):118–22.
Daniel EE, Wang YF. Gap junctions in  intestinal smooth muscle and
interstitial cells of Cajal. Microsc Res Tech 1999;47:309–20.
Degen J, Meier C, Van Der Giessen RS, Sohl G,  Petrasch-Parwez
E, Urschel S, et al. Expression pattern of lacZ reporter gene
representing connexin36 in transgenic mice. J Comp Neurol
2004;473:511–25.
Eyzaguirre C. Carotid body gap junctions: secretion of transmitters
and possible electric coupling between glomus cells and nerve
terminals. Adv Exp Med  Biol 2000;475:349–57.
Eyzaguirre C, Abudara V. Possible role of coupling between
glomus cells in  carotid body chemoreception. Biol Signals
1995;4:263–70.
Eyzaguirre C, Abudara V. Reflections on the carotid nerve sensory
discharge and coupling between glomus cells. Adv Exp Med  Biol
1996;410:159–67.
Eyzaguirre C, Abudara V. Carotid body glomus cells: chemical secre-
tion and transmission (modulation?) across cell-nerve ending
junctions. Respir Physiol 1999;115:135–49.
256 M. Frinchi et al. / Acta Histochemica 115 (2013) 252– 256
Komuro T. Comparative morphology of interstitial cells of
Cajal: ultrastructural characterization. Microsc Res Tech
1999;47:267–85.
Kondo H. Are there gap junctions between chief (glomus, type I)
cells in  the carotid body chemoreceptor? A  review. Microsc Res
Tech 2002;59:227–33.
Kondo H, Iwanaga T, Nakajima T. Immunocytochemical study on
the localization of neuron-specific enolase and S-100 protein in
the carotid body of rats. Cell Tissue Res 1982;227:291–5.
Kondo H, Iwasa H. Re-examination of the carotid body ultra-
structure with special attention to intercellular membrane
appositions. Adv Exp Med  Biol 1996;410:45–50.
Kumar NM,  Gilula NB. The gap junction communication channel.
Cell 1996;84:381–8.
Le Douarin NM.  Cell line segregation during peripheral nervous
system ontogeny. Science 1986;231:1515–22.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement
with the Folin phenol reagent. J Biol Chem 1951;193:265–75.
Martin AO, Mathieu MN,  Chevillard C, Guerineau NC. Gap junc-
tions mediate electrical signaling and ensuing cytosolic Ca2+
increases between chromaffin cells in adrenal slices: a  role in
catecholamine release. J  Neurosci 2001;21:5397–405.
Milsom WK,  Burleson ML.  Peripheral arterial chemoreceptors and
the evolution of the carotid body. Respir Physiol Neurobiol
2007;157:4–11.
Monti-Bloch L, Abudara V, Eyzaguirre C. Electrical communica-
tion between glomus cells of the rat carotid body. Brain Res
1993;622:119–31.
Monti-Bloch L, Eyzaguirre C. A comparative physiological and
pharmacological study of cat and rabbit carotid body chemore-
ceptors. Brain Res 1980;193:449–70.
Nakamura K,  Kuraoka A, Kawabuchi M,  Shibata Y. Specific local-
ization of gap junction protein, connexin45, in the deep
muscular plexus of dog and rat small intestine. Cell Tissue Res
1998;292:487–94.
Pallot DJ. The mammalian carotid body. Adv Anat Embryol Cell Biol
1987;102:1–91.
Pearse AG, Polak JM,  Rost FW,  Fontaine J, Le LC, Le DN. Demonstra-
tion of  the neural crest origin of type I  (APUD) cells in the avian
carotid body, using a  cytochemical marker system. Histochemie
1973;34:191–203.
Rash JE, Davidson KG, Kamasawa N,  Yasumura T, Kamasawa M,
Zhang C, et al. Ultrastructural localization of connexins (Cx36,
Cx43, Cx45), glutamate receptors and aquaporin-4 in rodent
olfactory mucosa, olfactory nerve and olfactory bulb. J Neuro-
cytol 2005;34:307–41.
Rash JE, Staines WA,  Yasumura T, Patel D, Furman CS, Stelmack GL,
et al. Immunogold evidence that neuronal gap junctions in  adult
rat brain and spinal cord contain connexin-36 but not connexin-
32 or connexin-43. Proc Natl Acad Sci U  S A  2000;97:7573–8.
Sanders KM.  A case for interstitial cells of Cajal as pacemakers and
mediators of neurotransmission in  the gastrointestinal tract.
Gastroenterology 1996;111:492–515.
Seki K, Komuro T. Immunocytochemical demonstration of the gap
junction proteins connexin 43 and connexin 45 in  the muscula-
ture of the rat small intestine. Cell Tissue Res 2001;306:417–22.
Serre-Beinier V, Le GS, Belluardo N,  Trovato-Salinaro A, Charollais A,
Haefliger JA, et al. Cx36 preferentially connects beta-cells within
pancreatic islets. Diabetes 2000;49:727–34.
Sohl G,  Degen J, Teubner B, Willecke K. The murine gap junc-
tion gene connexin36 is highly expressed in mouse retina
and regulated during brain development. FEBS Lett  1998;428:
27–31.
Sohl G, Odermatt B, Maxeiner S, Degen J, Willecke K. New insights
into the expression and function of neural connexins with
transgenic mouse mutants. Brain Res Brain Res Rev 2004;47:
245–59.
Trovato-Salinaro A, Belluardo N, Frinchi M,  von MJ,  Willecke K, Con-
dorelli DF, et al. Regulation of connexin gene expression during
skeletal muscle regeneration in  the adult rat. Am J Physiol Cell
Physiol 2009;296:C593–606.
Wang YF, Daniel EE. Gap junctions in  gastrointestinal muscle con-
tain multiple connexins. Am J Physiol Gastrointest Liver Physiol
2001;281:G533–43.
Wellershaus K, Degen J, Deuchars J, Theis M,  Charollais A, Caille D,
et al. A new conditional mouse mutant reveals specific expres-
sion and functions of connexin36 in  neurons and pancreatic
beta-cells. Exp Cell Res 2008;314:997–1012.
Willecke K, Eiberger J, Degen J, Eckardt D, Romualdi A, Gulde-
nagel M,  et al. Structural and functional diversity of connexin
genes in the mouse and human genome. Biol Chem 2002;383:
725–37.
